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COMPATIRILITY OF COORDIJTATE INDEXING OF BOOKS 

NASA MSC I~ECH.&.~I7,ED ETRIEVAL SYSTEM 

By Martin P. ElcConough and Geoffrey J. Roth 
Manned Spacecraf t  Center 

INTRODUCTION 

The i n t e n t i o n  of t h i s  study w a s  t o  provide L e  Techn,cal LAurary 
o f  the Manned Spacecraf t  Center (MSC) w i th  r e fe rence  d a t a  f o r  p r o j e c t s  
under cons ide ra t ion  f o r  t h e  f u t u r e .  
computerized methods of information r e t r i e v a l  and selective dissemina- 
t i o n  of information (SDI) i n  o r d e r  t o  inc rease  service t o  t h e  l ibrary 
pa t rons .  

Included w a s  t h e  development o f  

The work undertaken was t h e  in-depth indexing of  a t e s t  c o l l e c t i o n  
of t e c h n i c a l  books and monographs a t  t h e  c h s p t e r  l e v e l  u s ing  a coordi-  
n a t e  approach and a 'standard-subject a u t h o r i t y  l i s t .  
ass igned were transformed i n t o  machine-readable form through t h e  use of 
a s tandardized indexing form. The r e s u l t i n g  punched ca rds  were e d i t e d  
onto magnetic tape using a UrJIVAC 1108 computer and subsequently used 
t o  retrieve document r e fe rences  a f te r  tes t  quest ions were manufactured 
and key punched a 

The d e s c r i p t o r s  

As a r e s u l k  tile si.uJy- sO1lle of L 1 - -  - - - - -7 - - ,  - 
~ i i e  pL.uuicii iS which iiiigiit be ex- 

pec ted  t o  occur i n  t h e  indexing ope ra t ions  were pin-pointed,  a l s o  some 
i n i t i a l k i m e - c o s t  data were generated.  The e f f i c i e n c y  of  t h e  indexing 
and r e t r i e v a l  ope ra t ions  was s tud ied  t o  provide some measurement of t h e  
compa t ib i l i t y  of indexing books wi th  t e c h n i c a l  r e p o r t s  and of t h e  fea- 
s i b i l i t y  of using t h e  coordinate approach. 

NASA INE'ORNATION SYSTEM 

To i n c r e a s e  t h e  e f f e c t i v e n e s s  of  disseminat ion of i n f o m a t i o n  t o  
NASA and c o n t r a c t o r  p e r s m n e l ,  NASA msintains  a n a t i o n a l  information 
n e t ,  as w e l l  as f a c i l i t i e s  a t  l o c a l  NASA i n s t a l l a t i o n s .  Figure 1 shows 



FOFEWORD 

This study was undertaken with the aid of an 
assistantship in the Information Retrieval and 
Dissemination Program of the Aerospace Analysis 
and Writing Program in the summer of 1966 at 
the National Aeronautics and Space Administration 
Manned Spacecraft Center, Houston, Texas. This 
sppointment provided an opportunity for college 
graduates to broaden their experience and train- 
ing in aerospace-related activities and, conse- 
quently, to enhance their academic work. The 
assistantship was assigned on the basis of academic 
background and special interests. The job in- 
volved in-depth application of basic knowledge of 
an engineering or scientific field to the problems 
of selective dissemination of information with 
special reference to tie ii%A s y s t e m  of scientific 
classification. 
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COMPATIBILITY OF COORDINATE INDEXING OF BOOKS 

WITH TECHNICAL REPORT LITERATURE: FOR THE 

NASA MSC MECHAN.IZED RETRIEVAL SYSTEM 

By Martin P. McDonough and Geoffrey J. Roth 
Manned Spacecraf t  Center 

INTRODUCTION 

The i n t e n t i o n  of t h i s  s tudy was t o  provide t h e  Technical L i b r a r y  
of t h e  Manned Spacecraf t  Center (MSC) wi th  re ference  d a t a  f o r  p r o j e c t s  
under cons idera t ion  f o r  t h e  f u t u r e .  Included was t h e  development of 
computerized methods of information r e t r i e v a l  and s e l e c t i v e  dissemina- 
t i o n  of information .(SDI) i n  order  t o  inc rease  se rv ice  t o  t h e  library 
pa t rons  . 

The work undertaken was t h e  in-depth indexing of a t e s t  c o l l e c t i o n  
of t e c h n i c a l  books and monographs a t  t h e  chapter  l e v e l  using a coordi-  
n a t e  approach and a s tandard-subject  a u t h o r i t y  l i s t .  
ass igned were transformed i n t o  machine-readable form through the  use of 
a s tandardized indexing form. The r e s u l t i n g  punched cards  were e d i t e d  
onto magnetic tape  using a UNrVAC 1108 computer and subsequently used 
t o  r e t r i e v e  document re ferences  a f t e r  t e s t  ques t ions  were manufactured 
and key punched. 

The d e s c r i p t o r s  

A s  a r e s u l t  of t h e  s tudy some of t h e  problems which might be ex- 
pec ted  t o  occur i n  t h e  indexing operat ions were pin-pointed,  a l s o  some 
i n i t i a l  t ime-cost d a t a  were generated. The e f f i c i ency  of t h e  indexing 
and r e t r i e v a l  opera t ions  was studied t o  provide some measurement of  t h e  
compa t ib i l i t y  of indexing books with t e c h n i c a l  r e p o r t s  and of t he  fea-  
s i b i l i t y  of using the  coordinate  approach. 

NASA INFORMATION SYSTEM 

To inc rease  the  e f f ec t iveness  of disseminat ion of information t o  
NASA and con t r ac to r  personnel ,  NASA maintains  a n a t i o n a l  information 
n e t ,  as we l l  as f a c i l i t i e s  a t  l o c a l  NASA i n s t a l l a t i o n s .  Figure 1 shows 
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t h e  flow o f  information t o  t h e  use r  a t  MSC. The main source of pub l i -  
c a t i o n  i s  NASA. The NASA pub l i ca t ions  tend t o  dominate, e s p e c i a l l y  i n  
t h e  r e p o r t  l i t e r a t u r e  with r e p o r t s  generated from contracted r e sea rch .  
The non-NASA pub l i ca t ions  c o n s i s t  mainly of t e c h n i c a l  books and jou r -  
n a l s .  
came from both sources.  

For the purposes o f  t h i s  study, t h e  m a t e r i a l s  (books and r e p o r t s )  

These sources converge i n t o  t h e  MSC information system which i n -  
c ludes the  l i b r a r y  f a c i l i t i e s  as w e l l  as machine searches and t h e  Se- 
l e c t i v e  Dissemination of  Information (SDI) Program i n  which u s e r s  a r e  
automatical ly  n o t i f i e d  of items of  i n t e r e s t  t o  them. The p o i n t  t o  be 
made i s  t h a t  the user  i s  a t  t h e  bottom of  t h e  information s t r u c t u r e .  
Interposed between the  use r  and t h e  information being sought are two 
primary access t o o l s :  (1) a machine search,  e i t h e r  on demand o r  SDI, 
and ( 2 )  a manual search.  

The manual ca t a log  has been generated p r imar i ly  as a r e s u l t  of 
a n t i c i p a t e d  book usage, b u t  t h i s  las t  l i nk  i s  redundant. The redun- 
dancy could be el iminated by making p rov i s ion  f o r  en te r ing  books i n t o  
t h e  machine r e t r i e v a l  system. The computer could e a s i l y  generate  c a t -  
a log cards  if d e s i r a b l e  o r  convenient. 

The background aga ins t  which t h e  study was undertaken has  been 
ind ica t ed .  By e l imina t ing  t h e  redundancy i n  t h e  system a more u s e f u l  
c o l l e c t i o n  i s  a n t i c i p a t e d .  Admittedly, t h i s  looks toward t h e  f u t u r e ,  
b u t  the  f u t u r e  must be  planned f o r  i n  t h e  p r e s e n t .  

DEFINITION OF TERMS INVOLVED 

To assure e f f e c t i v e  and meaningful communication, t h e  exact  mean- 
ings  o r  l e v e l s  of  meanings of  t h e  words used must be  known. Such a 
l o f t y  i d e a l  i s  p r a c t i c a l l y  una t t a inab le .  For t h e  sake of c l a r i t y ,  the  
foll.owing words a r e  def ined as they will be used throughout t h i s  r e p o r t .  

Indexing 

Vickery has pointed ou t  (ref. 1) t h a t  indexing a document m a y  be 
considered as a s e r i e s  of t ransformations i n  which t h e  information i n  
t h e  document i s  ex t r ac t ed ,  compressed, rearranged,  and transformed, with 
nothing being c rea t ed ,  b u t  j u s t  changed i n  form. 

Indexing m a y  a l s o  be  viewed from a f u n c t i o n a l  a spec t  r a t h e r  t han  
from t h e  ope ra t iona l  one descr ibed above. 
densed surrogate  r ep resen ta t ions  of documents have a d u a l  purpose 

I n  t h a t  case, indexes o r  con- 

. 

I .  
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( r e f .  2 ) :  
content-revealing funct ion.  T rad i t iona l  sub jec t  indexing appears q u i t e  
l i m i t e d  i n  i t s  value both as a search t o o l  and as a content-revealer  
because it more f r equen t ly  operates  on a r e s t r i c t e d  whole-document level  
with a l imi t ed  number of  headings. Thus, t r a d i t i o n a l  approaches are usu- 
a l l y  l i m i t e d  t o  a f e w  r a t h e r  broad e n t r i e s  r a t h e r  than t o  many more 
s p e c i f i c  e n t r i e s .  

(1) t o  serve a search-tool  f'unction and ( 2 )  t o  serve a 

Coordinate Index 

Descr ipt ions of  t h e  var ious systems of indexing devices  i n  use t o -  
day o f t e n  p resen t  a set  of c o n f l i c t i n g  claims and confusing terminology. 
Foremost among t h e s e  confusing terms i s  t h e  coordinate index, r e f e r r e d  
t o  i n  ya r ious  l i t e r a t u r e  as c o r r e l a t i v e  indexing, mu l t ip l e  a spec t  index- 
ing ,  concept coordination, o r  "enriched" indexing. 

Regardless of what t h i s  type of  indexing may be c a l l e d ,  it i s  t h e  
a c t u a l  ope ra t iona l  a spec t s  of t h e  system t h a t  s e t  it a p a r t .  A coordi-  
n a t e  index i s  d i f f e r e n t  from other  indexing systems i n  t h a t  it i s  manip- 
u l a t a b l e .  I n  t r a d i t i o n a l  a lphabe t i ca l  sub jec t  headings, each heading 
i s  a f i x e d  and complete e n t i t y  descr ibing t h e  con ten t s  of whatever i s  
indexed. Any i t e m  i n  such a system may be  adequately represented by 
one o r  by seve ra l  headings without any f u r t h e r  operat ions being per- 
formed upon it .  

I n  a coordinate indexing system a d e s c r i p t o r  or sub jec t  heading 
can be  combined with another  desc r ip to r  t o  r ep resen t  t h e  sub jec t  of a 
document. 
Boolean ope ra t ions  performed on c l a s s e s  def ined by t h e  headings i n  t h e  
system. The word, manipulative,  was app l i ed  by Charles Bernier  ( r e f .  3 )  
t o  c h a r a c t e r i z e  t h i s  approach. 

Thus, a search using a coordinate  index depends upon l o g i c a l  

The term coordinate index as used i n  t h i s  study refers t o  a con- 
densed surrogate  r ep resen ta t ion  of a whole document o r  of p a r t  of  t h a t  
document. This r ep resen ta t ion  serves  as a search t o o l  and as a content- 
r e v e a l e r  by t h e  j o i n t  use of  two o r  more terms ( c a l l e d  d e s c r i p t o r s ,  
keywords, Uniterms, and so f o r t h ,  i n  va r ious  systems).  Re t r i eva l  i s  
performed on a matching basis by the  Boolean operat ions of i n t e r s e c t i o n ,  
union, and negation through t h e  manipulation of  c l a s s e s  of index terms. 

Information System 

The t o t a l  organizat ion of equipment, items, processes ,  and person- 
n e l  necessary t o  optimize output  of information i n  order  t o  meet t h e  
needs of  t h e  u s e r  i s  r e f e r r e d  t o  as an information system. 
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Compatibil i ty 

Compatibility i s  def ined as t h e  ab i l i t y  of one information system 
t o  accept  t h e  o r i g i n a l  indexing and/or a b s t r a c t i n g  of another  information 
system f o r  any given sub jec t  coverage common t o  bot’n systems (rer. 4 ) .  

A model of t h e  i n t e r r e l a t i o n  of two information systems can be 
found i n  a Venn diagram d e s c r i p t i v e  of t h e  l o g i c a l  equation def ined 
above. The conditions of t h e  equation are tha t  any given sub jec t  cov- 
erage be common t o  both systems. 
equation C = A’B holds  t r u e ,  where both A and B are con ten t s  of 
s epa ra t e  information systems and C i s  t h e  sub jec t  coverage common t o  

If t h a t  i s  the case,  t hen  t h e  l o g i c a l  

both.  
following Venn diagram: 

The compatibi l i ty  of two informations systems i s  shown i n  t h e  

It n a t u r a l l y  follows t h a t  the g r e a t e r  t h e  overlapping of two sys- 

(1) a mutual acceptance of o r i g i n a l  indexing and/or 
tems, t h e  more compatible t h e  systems. Two condi t ions are necessary f o r  
a l a r g e r  overlap: 
a b s t r a c t i n g ,  and ( 2 )  expansion of common sub jec t  coverage. 

Authori ty  F i l e  

The a u t h o r i t y  f i l e  r e f e r s  t o  a s t r u c t u r e d  o r  uns t ruc tu red  c o l l e c -  
t i o n  of concept d e s c r i p t o r s ,  by means of which information inpu t  i s  
c l a s s i f i e d ,  con t ro l l ed ,  and searched. The s u b j e c t  a u t h o r i t y  l i s t  used 
i n  t h i s  study and i n  t h e  NASA Information System n e t  i s  an unstructured 
f i l e .  A sample of t h i s  sub jec t  a u t h o r i t y  l i s t  i s  shown i n  fi.gure 2. 

8 
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THE INDEXING PROCESS 

The indexing process  i s  a complicated, decision-making process  i n  

This su r roga te  can then perform 
which t h e  s i g n i f i c a n t  and important i d e a s  are reduced i n t o  concise sur-  
roga te s  of t h e  o r i g i n a l  i t e m  indexed. 
i t s  proper func t ions  i n  t h e  information framework. A model showing t h e  
usage of an index i n  t h e  information framework i s  shown i n  f i g u r e  3 .  

The inpu t  i n t o  t h e  information framework i s  p r i n t e d  d a t a  of some 
form. These are received and analyzed t o  determine which index terms 
are t o  be assigned t o  t h e  document. When t h i s  i s  done, an index code 
p a t t e r n  i s  determined, and t h e  document i s  placed i n  t h e  f i l e .  

A u s e r  i n t e r a c t s  with t h e  index and t h e  f i l e  and employs c e r t a i n  
l o g i c a l  processes  t o  make u s e  of any document. The u s e r  ob ta ins  new 
i d e a s  o r  employs ideas from t h e  document t o  gene ra t e  a new document, and 
t h e  closed loop starts over again.  

A s  sub jec t ive  judgment i s  so  deeply entrenched i n  t h e  indexing 
p rocess ,  evaluat ion of indexing i s  extremely d i f f i c u l t ,  i f  not  impossi- 
b l e .  Because t h e  i n t e l l e c t u a l  operat ions of  t h e  indexer must be taken 
i n t o  considerat ion and no s u i t a b l e  method has  been found f o r  doing 
t h i s ,  c r i t e r i a  f o r  measuring indexing q u a l i t y  have not been evolved. 
What has been done, however, i s  t o  i d e n t i f y  some o f  t h e  parameters 
which de f ine  t h e  range of v a r i a b l e s  in f luenc ing  t h e  indexing process .  
Some of  t h e  v a r i a b l e s  inf luencing t h e  indexing process a re :  

(1) The c h a r a c t e r i s t i c s  of  the indexer  

(2 )  The amount of var iance o r  ambiguity wi th in  t h e  s y s t m  

(3) The r e l a t i v e  sub jec t  importance of  t h e  m a t e r i a l  indexed 

(4 )  The method of indexing 

( 5 )  The indexer t r a i n i n g  

(6)  The depth of indexing 

(7) The indexing environment 

(8) The problems a r i s i n g  from f i l e  organizat ion 

I 



Few cataloging or indexing techniques avoid t h e  p o s s i b i l i t y  t h a t  
a document or f i l e  i tem m a y  be indexed d i f f e r e n t l y  by d i f f e r e n t  index- 
e r s - - in  f a c t ,  t h e r e  i s  o f t e n  a s t rong p o s s i b i l i t y  t h a t  an indexer would 
c l a s s i f y  a document d i f f e r e n t l y  on d i f f e r e n t  days.  To compound matters, 
t h e  pi-iiblem seems t n  i nc rease  with t h e  number of indexers. .  Differences 
i n  background and t r a i n i n g  r e s u l t  i n  d i f f e r e n t  a p p r a i s a l s  of tine subjec t  
makerial  and, consequently, i n  d i f f e r e n t  indexing approaches. A s  t h e  in -  
dexer becomes more familiar with t h e  s p e c i a l  terminology and novel as- 
p e c t s  of t h e  material, t h e  indexing h a b i t s  change. I n  e f f e c t ,  t h e  
indexer,  employing t h e  sub jec t ive  indexing process ,  has a r r i v e d  a t  an 
estimate of  the importance of t h e  sub jec t  matter. A s  long as t h e  in -  
dexer 's  a p p r a i s a l  agrees  with t h e  system design,  nothing i s  l o s t ;  b u t  
when a wrong o r  i naccura t e  estimate of t h e  importance of  t h e  sub jec t  
ma t t e r  i s  made, chaos r e igns  supreme. 

Several  s t eps  a r e  taken t o  c o n t r o l  t h e  degree t o  which t h e  indexer 
makes t h i s  decis ion.  F i r s t ,  provis ion i s  made f o r  adequate supervis ion 
and review of t h e  indexe r ' s  work. Second, an a u t h o r i t y  l i s t  of sub jec t  
headings i s  used t o  reduce t h e  var iance o r  ambiguity wi th in  t h e  index- 
i n g  system by providing w r i t t e n  d e s c r i p t i o n s  and c l a r i f i c a t i o n s  of t h e  
va r ious  subject  headings o r  terms used, o r  a l i s t i n g  of  those terms 
which are acceptable.  It must b e  emphasized, however, t h a t  a thesaurus 
o r  word a u t h o r i t y  l i s t  can only p re sen t  q u a l i t a t i v e l y  acceptable  terms 
and cannot i n d i c a t e  t h e  a p p l i c a b i l i t y  of any term t o  any s p e c i f i c  docu- 
ment. It i s  o f  value i n  t h a t  i t  he lps  t h e  indexer  make s u b j e c t i v e  value 
judgments of terms, b u t  t h e  f i n a l  dec i s ion  i s  made by t h e  indexer .  

Another v a r i a b l e  i n  t h e  indexing process  i s  t h e  method of indexing 
used i n  t h e  system. For example, t r a d i t i o n a l  sub jec t  indexing on c a t -  
a log  cards  employs a d i f f e r e n t  approach than does coordinate  indexing. 
Each p a r t i c u l a r  system has i t s  own p e c u l i a r i t i e s  ( f o r  example, ass ign-  
ment of l i n k s  and r o l e s )  which in f luence  t h e  indexing approach. 

Indexer t r a i n i n g  i s  another  f a c t o r  which can a f f e c t  t h e  e n t i r e  i n -  
dexing process.  
more time i s  necessary t o  understand t h e  b a s i c  concepts of appra i s ing  
t h e  s i g n i f i c a n t  and important ideas within a document. Also,  t h e r e  i s  
a c e r t a i n  " f ee l "  t h a t  an indexer  must develop i n t u i t i v e l y  f o r  t h e  proc- 
ess as a whole i n  o rde r  t o  be  psychological ly  o r i e n t e d  t o  t h e  p a r t i c u l a r  
t a s k .  

If t h e  indexer i s  no t  familiar with t h e  sub jec t  matter, 

One very important parameter inf luencing the indexing p rocess  i s  
t h e  depth of indexing undertaken. A s  a gene ra l  rule,  t h e  deeper t h e  de- 
gree of indexing, t h e  more time necessary t o  index any given document. 
Of course,  as t h e  number o f  d e s c r i p t o r s  ass igned p e r  document i n c r e a s e s ,  
so will t h e  time and t h e  c o s t .  
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In  add i t ion ,  if at tempts  a r e  made 
f o r  example, t o  show what chemical w a s  
was formed, then time and c o s t s  at t h e  
ing ly  . 

t o  ass ign  a d d i t i o n a l  i n d i c a t o r s ,  
used as a reagent  or what product 
input  s t age  a l s o  r i s e  accord- 

I n  t h i s  study indexing was undertaken at t h e  chapter  l e v e l  t o  t ake  
advantage of t h e  organiza t ion  of the  author  and pub l i she r  a t  one of t h e  
most s i g n i f i c a n t  l e v e l s  i n  a book. 

"he indexing environment also inf luences  t h e  indexing process .  I f  
t h e  indexer i s  subjec t  t o  many annoying noises  and in t e r f e rences ,  h i s  
output  can be expected t o  diminish. Indexing r equ i r e s  concentrat ion i n  
an appropr ia te  atmosphere. 

Problems a r i s i n g  from f i l e  organizat ion inf luence  t h e  indexing 
process .  F i r s t ,  t h e r e  i s  indexing d i scon t inu i ty  caused by personnel 
changes. 
cedures must be provided i f  d i scon t inu i ty  i s  t o  be avoided. Second, 
l o s s  of ma te r i a l  from t h e  f i l e  can inf luence  t h e  indexing process .  If 
a t  a l l  poss ib l e ,  t h e  i n t e g r i t y  of t h e  f i l e  should be maintained. Third,  
l o s s  of f a m i l i a r i t y  with t h e  f i l e  conten ts  causes a s h i f t  i n  t h e  terms 
assigned.  Fourth,  loss  of f a m i l i a r i t y  of t h e  subjec t  mat te r  also cre-  
a t e s  d i f f e rences  i n  indexing. 
f i l e  can no longer  be allowed t o  inf luence  choice of terms. 
modif icat ion of o r i g i n a l  f i l e  s t r u c t u r e s  i s  usua l ly  both i n t e l l e c t u a l l y  
and t echn ica l ly  d i f f i c u l t .  The r e v i s e r  must decide how t o  change t h e  
f i l e  s t r u c t u r e  t o  co r rec t  f o r  i n i t i a l  overs ights ,  how t o  al low f o r  
changes i n  sub jec t  emphasis, and how t o  allow f o r  f'uture requirements 
t h a t  cannot be known beforehand. 

For l a r g e  f i l es ,  adequate documentation of t h e  r u l e s  and pro- 

F i f t h ,  items purged or weeded from t h e  
S ix th ,  

A l l  t h e s e  problems can be  summarized by t h e  f a c t  t h a t  any indexing 
system must be geared t o  t h e  needs of t h e  u s e r s ,  and t h i s  should be 
paramount i n  t h e  design and se l ec t ion  of t h e  system. With t h i s  thought 
i n  mind, t h e  following c r i t e r i a  must be considered f o r  t h e  azlzztlz:: cf 
an indexing system ( r e f .  5 ) .  

(1) Type of u l t ima te  u s e r  (users vary i n  needs, h a b i t s ,  and ap- 
proache s ) 

(2)  Type of immediate use r  ( l i b r a r i a n  or customer) 

(3 )  C h a r a c t e r i s t i c s  o f  t h e  f i l e  c o l l e c t i o n  ( cu r ren t  and expected 
s i z e ,  r a t e  of growth, v a r i e t y  and complexity of subjec t  conten t ,  and 
format of f i l e  material) 

(4) A v a i l a b i l i t y  o f ' o t h e r  e x i s t i n g  indexes f o r  t h e  same type  of 
f i l e  m a t e r i a l  
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( 5 )  Complexity and required accuracy of searches t o  be conducted 
( cu r ren t  awareness, comprehensive r e t r o s p e c t i v e  searches) 

(6) Number of  searches expected and t h e i r  required response time 

(7)  Current u s e r  and l i b r a r i a n  a t t i tudes toward t h e  e x i s t i n g  i n -  
dexing system and form of d i s p l a y  

(8) Resources a v a i l a b l e  f o r  developing t h e  system, convert ing t h e  
backlog of material t o  t h e  new system o r  new method of d i sp l ay ,  and 
maintaining t h e  rou t ine  operat ion 

OBJECTIVES OF THE STUDY 

The following ob jec t ives  were e s t a b l i s h e d  t o  meet t h e  a i m  of t h i s  
study. 

(1) Studying t h e  f e a s i b i l i t y  of  coordinate  indexing of t e c h n i c a l  
books and monographs 

( 2 )  Inves t iga t ing  t h e  compa t ib i l i t y  of  book and monograph indexing : 
with r e p o r t  indexing 

(3)  Undertaking an i n i t i a l  i n v e s t i g a t i o n  of t h e  p o s s i b l e  ways i n  
which indexing of books w i l l  i n t e r f a c e  with t h e  NASA system f o r  dissem- 
i n a t i n g  information and t h e  MSC Information System i n  p a r t i c u l a r  

( 4 )  Obtaining i n i t i a l  cost-t ime d a t a  f o r  cons ide ra t ion  of p o s s i b l e  
nndertakings i n  t h i s  area i n  t h e  f u t u r e  

CONSTRUCTION. OF TEST SITUATION 

Sampling Technique 

The input  of books i n t o  t h e  NASA Technical L ib ra ry  w a s  monitored 
f o r  a per iod of 5 weeks t o  s imulate  a v a l i d  indexing s i t u a t i o n .  
was f e l t  t h a t  by u s i n g  t h i s  method, a r e p r e s e n t a t i v e  sample would be 
received. 
done by t h e  book c a t a l o g e r  as a b a s i s  f o r  comparison. 

It 

This procedure allowed t h e  indexer  t o  use the ca t a log ing  

However, processing of t h e  books by t h e  c a t a l o g e r  proved t o  be  en- 
t i r e l y  t o o  slow, so t h a t  i n  some cases  accession numbers were arbi t rar-  
i l y  assigned t o  new books. Furthermore, a random s e l e c t i o n  of books 
from t h e  shelves  of  the Technical Library was used t o  round out  t h e  
sub jec t  c o l l e c t i o n .  
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The 34 subject  ca tegor ies  of STAR ( S c i e n t i f i c  and Technical Aero- 
space Reports, a NASA-published current  index t o  repor t  l i t e r a t u r e )  were 
chosen as a convenient t a b u l a t i n g  medium, as an intermediate  grouping 
c l a s s  t o  f a c i l i t a t e  t h e  indexing process ,  and as a t e s t  of t h e  degree 
of compat ibi l i ty  between book and r e p o r t  ca tegor ies .  

The t e n t a t i v e  hypothesis was t h a t  no r e a l  d i f f i ' cu l ty  would be en- 
countered i n  making books f i t  i n t o  r e p o r t  ca tegor ies .  
t i o n  t h e s e  ca tegor ies  were found t o  be qu i t e  s u f f i c i e n t ,  and the  books 
were e a s i l y  categorized.  
notes  descr ibing t h e  contents  of each, see appendix A. 

In  a c t u a l  opera- 

For a l i s t i n g  of these  ca tegor ies ,  with scope 

The books chosen f o r  t h e  t e s t  c o l l e c t i o n  were not picked i n  a hap- 
They were evaluated i n  terms of t he  following c r i t e r i a :  hazard manner. 

(1) The book must be of a s c i e n t i f i c  o r  t e c h n i c a l  na ture .  

(2 )  The book must fit readi ly  i n t o  one o r  more of the  34 subjec t  
c a t e g o r i e s  of STAR, 

(3) The book must not be a type t h a t  w i l l  be indexed i n  NASA system 
indexes . 

(4)  Handbook and textbook ma te r i a l s  may be included depending on 
t h e  format, subjec t ,  and range of m a t e r i a l  included i n  them. 

( 5 )  Collect ions of papers w i l l  be  included i f  t h e  c o l l e c t i o n  i s  
s u f f i c i e n t l y  w e l l  defined i n  one o r  two subjec t  areas. 

(6) Volumes i n  a continuing s e r i e s  will not  be excluded, as long 
as the  whole volume i s  devoted t o  a well-defined subjec t -e i ther  singu- 
l a r l y  o r  as a p o r t i o n  of t h e  s e r i e s .  

The exclusion of textbook ma te r i a l s  was  not e n t i r e l y  successfu l ,  
n o r  highly des i r ab le .  The o r i g i n a l  s e l e c t i o n  c r i t e r i a ,  s e t  up as t h e  
indexing progressed, c a l l e d  f o r  t h e  exclusion of a l l  t e x t  m a t e r i a l .  
However, more experience with indexing modified t h i s  o r i g i n a l  c r i t e r i a  
so t h a t  t e x t s  which used the  "shotgun technique" of saying l i t t l e  about 
many th ings  were excluded. 
and far t o o  many f a l s e  drops would occur i n  t h e  r e t r i e v a l  operat ion.  

Fa r  t o o  m a n y  d e s c r i p t o r s  were being assigned, 

Test  Population 

It was o r i g i n a l l y  proposed t o  index, i f  poss ib le ,  s e v e r a l  thousand 
books. However, t h e  time spent i n  indexing, t r a n s c r i b i n g  conten ts  onto 
t r a n s m i t t a l  shee ts ,  keypunching shee ts ,  t r a n s f e r r i n g  the  cards  t o  mag- 
n e t i c  tape ,  manufacturing questions t o  t e s t  t h e  e f f i c i e n c y  of t h e  
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indexing procedure, and w r i t i n g  t h e  r epor t  of a l l  t h e s e  a c t i v i t i e s  ne- 
c e s s i t a t e d  a reduct ion from thousands t o  hundreds. An e f f o r t  was made 
t o  give equal r ep resen ta t ion  t o  each STAR category with an average of 
e i g h t  books per  category. 

Indexing Procedure 

The normal indexing procedure was followed i n  t h i s  study. The in-  
dexer f i r s t  f ami l i a r i zed  himself with t he  m a t e r i a l ;  recognized, i d e n t i -  
f i e d ,  and evaluated the  key p o i n t s  and s a l i e n t  f e a t u r e s  of t h e  book; 
and then described t h e  book and i t s  contents .  The procedure as a whole 
i s  shown i n  f igu re  4. 

Afte r  having evaluated a given book fo r  inc lus ion  i n  t h e  t e s t  s a m -  
p l e  i n  t h e  l i g h t  of t h e  s e l e c t i o n  c r i t e r i a ,  t h e  f i r s t  s t e p  of t h e  i n -  
dexer was  reviewing t h e  contents  of  t h e  book. This process ,  e s s e n t i a l l y  
one of f a m i l i a r i z a t i o n ,  gene ra l ly  included reading of t h e  in t roduc t ion ,  
p re face ,  o r  book j a c k e t ;  scanning t h e  t a b l e  of con ten t s  t o  .see what i s  
covered i n  t h e  book; scanning one chap te r  o r  so t o  arrive a t  some idea 
of  t h e  a u t h o r ' s  s t y l e ,  organizat ion,  and format; scanning t h e  book i n -  
dex t o  g e t  some idea of t h e  terms used i n  the book; and then  b r i e f l y  
seeing how well  t h e  t a b l e  of can ten t s  desc r ibes  s e c t i o n s  of chap te r s  . 
s i n c e  most of the terms eventual ly  come from t h e  tab le  of  con ten t s .  
A f t e r  completing t h i s  process ,  t h e  key p o i n t s  presented by t h e  author  
were i d e n t i f i e d  and evaluated. 

I n i t i a l l y  t h e  indexing was done on 5- by 7-inch index ca rds ,  and 
t h e  e d i t i n g  was done la ter  i n  batches.  It w a s  found, however, t o  be too  
t i m e  consuming t o  do e d i t i n g  a t  a l a t e r  t i m e ,  s i n c e  i t  n e c e s s i t a t e d  
looking over t h e  book once more t o  r e f r e s h  t h e  i n d e x e r ' s  memory of terms 
assigned. Accordingly, a l l  e d i t i n g  of  terms and o t h e r  s t e p s  necessary 
f o r  descr ibing t h e  book as it would appear i n  the automated system were 
s tandardized i n  t h e  form of  a Document Processing Sheet.  
t h i s  form ( e s s e n t i a l l y  a t r a n s m i t t a l  sheet  f o r  t h e  keypunch o p e r a t o r s )  
enabled t h e  indexer t o  a s s ign  a l l  necessary information from the book 
only once, and possessed t h e  added advantage of i n t e r f a c i n g  q u i t e  e a s i l y  
wi th  the  r epor t  indexing as it i s  an adap ta t ion  of  t he  form used t h e r e .  

The u s e  of 

A sample Document Processing Sheet i s  shown i n  figures 5 and 6. 
The Document Processing Sheet c o n s i s t s  of  two pages,  t h e  f i r s t  being 
devoted t o  desc r ip t ion  of t h e  book and t h e  second being reserved f o r  
sub jec t  terms o r  d e s c r i p t o r s  .assigned t o  t h e  books. A l l  o f  t h e  l i t t l e  
squares on the  paper may seem r a t h e r  r i d i c u l o u s .  I n  p r a c t i c e ,  however, 
it i s  very useful  because t h e  indexer  i s  allowed t o  r e t a i n  some degree 
of c o n t r o l  over t h e  format of t h e  documents indexed; and keypunching 
e r r o r s  are reduced by making t h e  format of each ca rd  extremely c l e a r .  
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Figures  7 and 8 show t h e  r e l a t i o n  between t h e  Document Processing 
Sheets and standard punched cards .  The numbered squares on t h e  proc- 
e s s ing  sheet  correspond t o  t h e  number of p o s i t i o n s  a v a i l a b l e  on t h e  
punched cards .  The data f i e lds  and what they were used f o r  have been 
marked, t h e  major f i e l d s  ( t h o s e  used t h e  most) with continuous l i n e s  
and t h e  minor f i e lds  with broken l i n e s .  

A comparison of f i g u r e  5 with f i g u r e  7 shows t h a t  each h o r i z o n t a l  
l i n e  on t h e  Document Processing Sheet ( i d e n t i f i e d  by t h e  card i n d e n t i -  
f i c a t i o n  column) corresponds t o  one punched card, with t h e  exception 
t h a t  t h e  Source Supplementary and Contract Number l i n e s  are not  used i n  
desc r ib ing  books. 

A comparison of f i g u r e  6 with f i g u r e  8 shows a l s o  t h a t  each l i n , e  
of t h e  second page i s  equivalent  t o  one punched card.  In  t h i s  ca se ,  
however, because of  t h e  f i x e d  data f i e l d s ,  t h r e e  d e s c r i p t o r  areas are 
given on each card with 23 spaces a v a i l a b l e  f o r  s p e l l i n g  each d e s c r i p t o r .  
A t  t h e  end of  t h e  data f i e l d  t h e  s p e l l i n g  must s top  even i f  it i s  i n  t h e  
middle of a word. 
shown t h a t  i n  t h e  ma jo r i ty  of cases  23 spaces i s  enough t o  recognize 
most terms. 

This has  not  presented a problem because use has  

The f irst  s t e p  i n  f i l l i n g  out a Document Processing Sheet i s  t o  
write i n  t h e  accession number of  the book. Since t h i s  i s  t h e  book iden- 
t i f i c a t i o n  number f o r  t h e  computer, i t  i s  most important t h a t  it be  
copied c o r r e c t l y .  Then, t h e  d e s c r i p t i v e  cataloging i s  done by w r i t i n g  
i n  t h e  docfiment t i t l e ,  t h e  name of t h e  author  (pe r sona l  o r  co rpora t e ) ,  
t h e  Library of  Congress c l a s s i f i c a t i o n  number i n  t h e  r e p o r t  number 
space,  t h e  imprint  (pub l i she r ,  place,  and date) ,  and any necessary 
no te s .  

After t h e  bmk h i s  heen adeqimtely d.escrihed on page 1 of t h e  
processing s h e e t s ,  page 2 i s  completed with t h e  d e s c r i p t o r s  assigned 
t o  t h e  book. A t  t h i s  t i m e ,  t h e  terms are e d i t e d  aga ins t  t h e  sub jec t  
a u t h o r i t y  l i s t ;  and a r a t h e r  complex decision-making process  i s  c a r r i e d  
o u t ,  as ind ica t ed  by t h e  successive diamond-shaped dec i s ion  blocks on 
t h e  flow c h a r t  i n  figure 4 .  

There are f i v e  p o s s i b l e  combinations o f  events  t h a t  can happen 
du r ing  t h e  e d i t i n g  process .  F i r s t ,  t h e  s implest  event i s  when a term 
assigned matches exac t ly  wi th  t h e  a u t h o r i t y  l i s t  term. I n  t h a t  event ,  
t h e  term i s  entered d i r e c t l y  on page 2 of t h e  processing shee t .  Sec- 
ond, t h e r e  i s  t h e  p o s s i b i l i t y  of  a gene r i c  match, t h a t  i s ,  t h e  term 
assigned from t h e  book matches except f o r  t ense ,  s p e l l i n g ,  and so f o r t h .  
Here t h e  desirable term i s  found i n  t h e  a u t h o r i t y  l i s t  and i s  en te red  
on t h e  document processing shee t .  Next come two cases  o f  coordinate  
matching. I n  coordinate  match 1, t h e  term from t h e  book m a y  be divided 
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i n t o  a term from t h e  a u t h o r i t y  l i s t  and a term already l i s t e d .  
n a t e  match 2 ,  however, u ses  two sepa ra t e  terms from t h e  a u t h o r i t y  l i s t  
t.o desrribe one term from the  book. I n  e i t h e r  of t h e s e  las t  two even t s ,  
t h e  term o r  terms are then entered on t h e  processing sheet. 
p o s s i b i l i t y  i s  t h a t  t h e  term w i l l  no t  match any of t h e  above cond i t ions .  
I n  t h a t  ca se ,  a review of t h e  importance of t h e  term i s  necessary t o  s ee  
i f  i t  should be dropped o r  r e t a i n e d .  If r e t a i n e d ,  it i s  t r ansc r ibed  on- 
t o  t h e  processing s h e e t ,  keypunched, and s to red  on magnetic t ape .  

Coordi- 

The las t  

Indexing Procedure Control 

Indexing was done a t  a chapter  l e v e l  i n  t h i s  study. 
was made tha t  t h e  chapter  l e v e l  would be used i n  o rde r  t o  employ the  ex- 
i s t i n g  l o g i c a l  s t r u c t u r e  and format o f  t h e  books, as w e l l  as the  organi- 
za t ion ,  on a meaningful level.  Moreover, t h e  s t r u c t u r i n g  of t h e  index- 
ing  remains t h a t  of t h e  author .  Each chapter  i n  each book was  reviewed 
f o r  t h e  main ideas .  

The dec i s ion  

An indexe r ' s  l o g  of dec i s ions  made during t h e  execution of t h e  
study w a s  kept  t o  a s su re  compa t ib i l i t y  with e x i s t i n g  indexing procedures.  
The l o g  was a l so  kept  t o  in su re  accuracy i n  r epor t ing  events  which i n -  
f luenced t h e  indexing output .  

To con t ro l  consistency of indexing-never an easy task and o f t e n  
impossible-several indexing c h e c k l i s t s  were used. 
included,  t h e  f i r s t  from DDC (Defense Documentation Center,  t h e  c e n t r a l  
f a c i l i t y  f o r  s c i e n t i f i c  and t e c h n i c a l  documentation o f  the Department 
of Defense) ( f i g .  9 )  and t h e  second from t h e  Engineers J o i n t  Council, a 
f e d e r a t i o n  of  21 chemical, e l e c t r i c a l ,  mining, c i v i l ,  and mechanical 
engineering s o c i e t i e s  ( f i g .  10). 

Two c h e c k l i s t s  a r e  

Reference T i m e  

Any t i m e  needed f o r  reference o r  look-up work w a s  included i n  t h e  
This  t ime was included i n  t h e  t o t a l  be- to ta l :  indexing time p e r  book. 

cause it was required f o r  f a m i l i a r i z a t i o n  with t h e  s u b j e c t  and recogni- 
t i o n  of important p o i n t s .  Reference time was  found t o  be a func t ion  of 
(1) t h e  indexe r ' s  acquaintance with t h e  s u b j e c t  matter ( r e fe rence  time 
was less i n  chemistrJr wi th  which t h e  indexer w a s  familiar); ( 2 )  t h e  
l e v e l  of wri t ing i n  t h e  book (a  more a b s t r u s e  s tyle  and a h ighe r  p l ane  
of s c i e n t i f i c  language demand more t i m e ) ;  and (3) t h e  degree o f  organi-  
z a t i o n  of t h e  book. 



RESULTS OF THE STUDY 

Time-Cost Data 

Throughout t h e  s tudy,  va r ious  s t a t i s t i c s  were recorded i n  o rde r  t o  
evaluate  t h e  indexing procedure. These s t a t i s t i c s  included (1) output  
p e r  indexing per iod,  (2 )  t o t a l  and average number of d e s c r i p t o r s  as- 
signed p e r  book p e r  indexing per iod,  and (3) t o t a l  t i m e  required f o r  
each indexing per iod and average indexing time p e r  book. An i n d i r e c t  
e s t ima te  o f  t h e  cos t  can be made by examining t h e  est imates  of t h e  t i m e  
necessary f o r  indexing. 

Indexing output i s  a funct ion of  many variables, some of which have 
a l r eady  been mentioned. Figures  11, 12,  and 13 show some of t h e  v a r i a -  
t i o n  and some of  t h e  reasons f o r  t h i s  v a r i a t i o n .  Figure 11 shows t h e  
output  i n  books p e r  indexing period. That t h e  output i s  highly v a r i a b l e  
i s  r e a d i l y  ev iden t ,  but  t h e  reasons why it  i s  v a r i a b l e  are no t  s o  evi-  
den t .  I n  o rde r  t o  f u l l y  understand t h e  v a r i a b l e s  t o  which output  i s  
r e l a t e d ,  f i g u r e s  12  and 13 and some a d d i t i o n a l  information are necessary.  

F i r s t ,  t h e r e  i s  t h e  extremely low d i p  f o r  t h e  6 t h  indexing day which 
must be explained. There are two reasons why t h i s  d i p  e x i s t s :  
of  f a m i l i a r i t y  with t h e  f i l e  contents  because no indexing w a s  done f o r  
1 week and ( 2 )  t h e  na tu re  of t h e  ma te r i a l  t o  be indexed. I n  t h i s  las t  
i n s t a n c e ,  t h e  material was  extremely d i f f i c u l t - i t  consis ted e n t i r e l y  
of math books, one o f  which w a s  E i n s t e i n ' s  Unified F i e l d  Theory. This 
i n  i t se l f  i s  no t  so bad, bu t  coupled with t h e  high output  f o r  t h e  p r i o r  
indexing per iod,  one must conclude t h a t  t h e  sub jec t  background of  t h e  
indexer  p l a y s  an extremely important p a r t  i n  t h e  indexing process .  I n  
t h i s  case t h e  sub jec t  background of t h e  indexer was chemistry, and t h e  
high output  f o r  t h e  ')th day contained l a r g e  amounts 03 books about chem- 
istry. 
experience i f  he i s  t o  ope ra t e  a t  maximum e f f i c i e n c y .  Also, t h i s  study 
shows t h a t  once an indexer has been s e l e c t e d  he should continue t o  index 
f o r  prolonged pe r iods  of  t i m e  s ince  s i g n i f i c a n t  amounts of  downtime 
occur  with t i m e  absent from indexing. 

(1) loss 

P a r t i c u l a r  a t t e n t i o n ,  must be pa id  an i n d e x e r ' s  background and 

The graph i n  f i g u r e  11 i s  divided i n t o  two highly s i g n i f i c a n t  p a r t s  
w i t h  t h e  d i v i s i o n  occurring on t h e  6 t h  indexing day. 
t h e  system w a s  under development, and t h e  dec i s ions  regarding t h e  index- 
i n g  changes were being made as they occurred. 
can be seen i n  t h e  system once these  dec i s ions  had been f i n a l i z e d  
( s t a r t i n g  with t h e  6 t h  indexing day) ,  
on ly  i n  t h e  output ,  b u t  a l s o  i n  the number of  d e s c r i p t o r s  assigned and 
i n  t h e  indexing time necessary.  The number of d e s c r i p t o r s  assigned and 
t h e  necessary indexing t i m e  determine t h e  optimum operat ion of  t h e  in -  
dexing phase of  any re t r ieval  operat ion.  

Up t o  t h a t  t i m e  

A no t i ceab le  improvement 

The improvement i s  evident no t  
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Figure 12  shows t h e  average number of d e s c r i p t o r s  assigned p e r  i n -  
dexing period. The graph i n  f i g u r e  1 2  i s  i n v e r s e l y  r e l a t e d  t o  t h e  graph 
i n  f i g u r e  11. A s  t h e  output  i nc reases ,  t h e  number of d e s c r i p t o r s  as- 
signed decreases;  and as t h e  number of d e s c r i p t o r s  assigned inc reases ,  
t h e  output decreases.  

Similar ly ,  t h e r e  i s  a r e l a t i o n  between t h e  graph i n  f i g u r e  12  and 
t h e  graph i n  f i g u r e  13. A comparison of t h e s e  two graphs shows them t o  
be  q u i t e  similar. The conclusion i s  t h a t  t h e  number of d e s c r i p t o r s  as- 
signed i s  a funct ion of  t h e  time spent  i n  t h e  indexing e f f o r t .  A s  t h e  
indexing time inc reases ,  so does t h e  number of d e s c r i p t o r s  assigned. 
Using t h i s  f a c t  alone, t h e  parameters governing t h e  design of a given 
system come i n t o  play.  If, f o r  example, 60 d e s c r i p t o r s  p e r  book a r e  
d e s i r e d ,  an indexer must be  prepared t o  pay i n  terms of increased index- 
ing  time and of decreased output .  

Figures  11 and 13 are a l s o  r e l a t e d  i n  t h a t  they d i s p l a y  t h e  inve r se  
r e l a t i o n s h i p  as ind ica t ed  between f i g u r e s  11 and 12,  b u t  t h i s  i s  t o  be 
expected. A g r e a t e r  d i s t a n c e  between corresponding p o i n t s  on t h e  two 
curves i s  i n d i c a t i v e  o f  an i n e f f i c i e n t  system ope ra t ion .  A s  t h e  two 
l i n e s  converge, a more e f f i c i e n t  system operat ion i s  ind ica t ed .  These 
graphs show t h a t  i n  t h e  1st  week or so (again t h e  d iv id ing  l i n e  i s  t h e  
6 t h  indexing day) t h e  system was not  ope ra t ing  a t  a l l  e f f i c i e n t l y - t h e  
output w a s  high, but  t h e  indexing t ime and t h e  number of d e s c r i p t o r s  
assigned were low. This w a s  t h e  "debugging" o r  developmental pe r iod  
of t h e  system. 

A s  t h e  index,ing progressed and c e r t a i n  changes were made, t h e  sys- 
tem began t o  operate  much more e f f i c i e n t l y ,  as t h e  graphs i n d i c a t e .  I n  
any up-scaling of t h e  indexing t o  a f u l l - s c a l e  p rocess ,  t h e  same t h i n g  
can be expected t o  happen i n  t h e  i n i t i a l  pe r iod  of o p e r a t i o n ' a n d  devel- 
opment of t h e  system. This study does not provide enough d a t a  t o  g ive  
any p r e d i c t i o n s  as t o  t h e  l eng th  of  t ime necessary f o r  developing t h e  
system. I n  a c t u a l  operat ion,  however, it can be i d e n t i f i e d  through 
e f f i c i e n c y  of t h e  re t r ieval  ope ra t ions ,  and shakedown time should n o t  
be  as long if t h e  indexing'parameters are predetermined be fo re  t h e  sys- 
t e m  goes i n t o  operat ion.  

F i n a l  f i g u r e s  from t h e  p r o j e c t  g ive  t h e  fol lowing r e s u l t s :  

(1) Average number of books indexed p e r  day . . . . . . . 5.71 

(2)  Average number d e s c r i p t o r s  per book . . . . . . . . . 25.86 

(3) Average indexing time p e r  book (minutes) . . . . . 39.01 

To give some meaning t o  t h e s e  f i g u r e s ,  a comparison w i t h  t r a d i -  
T r a d i t i o n a l  book ca t a log ing  t i o n a l  book cataloging can b e  undertaken. 



and indexing a r e  d i f f e r e n t  even though they have t h e  same u l t ima te  
goa l - r e t r i eva l  of i tems of information. I n  genera l ,  they  d e a l  wi th  
d i f f e r e n t  s i z e  u n i t s  of knowledge and t o  some ex ten t  wi th  d i f f e r e n t  
types  of information.  A book ca ta log  genera l ly  l e a d s  a u s e r  t o  more 
broad t rea tments  of a sub jec t ,  while an index leads him t o  more spec ia l -  
i z e d  i tems.  H ie ra rch ica l  r e l a t i o n s h i p s  a r e  d isp layed  on ca t a log  cards ,  
while  i n  indexes these  r e l a t ionsh ips  a r e  not  shown d i r e c t l y ,  though they 
may be c rea ted  by l o g i c a l  manipulation of t h e  index terms. 

Furthermore, t h e  process  of ca ta loging  a book d i f f e r s  s i g n i f i c a n t l y  
from indexing. 
i ngs  t h a t  i nd iv idua l ly  cha rac t e r i ze  t h e  whole book o r  a l a r g e  p o r t i o n  
of it. 
and t h e  process  i s  one of synthes is .  

A book ca t a loge r  seeks t o  c r e a t e  terms or  sub jec t  head- 

The mental  makeup of t he  ca t a loge r  i s  e s s e n t i a l l y  syn the t i c ,  

The indexer ,  on t h e  o t h e r  hand, seeks t o  s e l e c t  terms t h a t  r e f l e c t  
t h e  aspec ts  of t h e  sub jec t  t r e a t e d  i n  terms of i n t e r e s t  o r  s ign i f i cance  
t o  a p a r t i c u l a r  mission. H i s  mental makeup i s  e s s e n t i a l l y  a n a l y t i c ,  
and t h e  process  i s  one of ana lys i s .  The f'undamental d i f f e r e n c e  t h a t  
e x i s t s  between t h e  th inking  of t h e  ca t a loge r  and of t h e  indexer  suggests  
t h a t  f o r  maximum produc t iv i ty  and h ighes t  q u a l i t y  of  product d i f f e r e n t  
s p e c i a l i s t s  may be needed. 

Having d i f f e r e n t i a t e d  between ca t a loge r s  and indexers ,  some com- 
pa r i son  should be given t o  t h e i r  r e spec t ive  outputs .  
l oge r ,  doing o r i g i n a l  ca ta loging ,  should be ab le  t o  ca t a log  9 t o  12  books 
p e r  day. If ca t a log  cards  supplied by t h e  Library of Congress Card D i -  
v i s i o n  a r e  used and some o r i g i n a l  ca ta loging  i s  done, t h e  output  should 
be i n  t h e  neighborhood of 24 books p e r  day. 

An average ca ta -  

I n  this  study t h e  indexing output  ranged from 3 t o  1 2  books p e r  
day, with an average of 5 .71books  p e r  day. 
in the  t w  p o c e s s e s 5  the r e s u l t s  a r e  comparable. Comparisons mw a l s o  
be m a d e  concerning t h e  e f f ec t iveness  of t h e  r e s u l t a n t  products  of t h e s e  
two d i f f e r e n t  e f f o r t s .  

Considering t h e  d i f f e r e n c e s  

I n  book ca ta loging  f o r  t h e  NASA MSC Technical Library,  a t y p i c a l  
book averages between fou r  and f i v e  access  po in t s ,  t h a t  i s ,  an au thor  
c a r d j  a t i t l e  card,  and two o r  t h ree  sub jec t  cards .  The same t y p i c a l  
book, subjec ted  t o  coordinate  indexing, has approximately 29 access  
points-author ,  STAR sub jec t  category,  LC (Library  of Congress) c l a s -  
s i f i c a t i o n ,  and an average of 25.86 d e s c r i p t o r s  p e r  book i n  p l ace  of 
t h e  normal subjec t  cards  of a manual ca t a log .  

On t h e  b a s i s  of t h e  information a v a i l a b l e ,  an idea  of t h e  c o s t s  
involved may be  seen. I n  order  f o r  t h e  output  of a book-indexing oper- 
a t i o n  (8 books p e r  day optimum) t o  equal  that of a book ca ta loging  
ope ra t ion  (24 books p e r  day) a 200-percent i nc rease  i n  personnel  would 
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be  necessary.  To o f f s e t  t h i s  i nc rease  i n  c o s t s ,  t h e  l a r g e r  number of 
access  p o i n t s  p e r  book would inc rease  t h e  usefulness  by approximately 
600 percent .  The cos t  i s  increased ,  bu t  t h e  comparatively g r e a t e r  
i nc rease  i n  a n t i c i p a t e d  usefu lness  because of t he  g r e a t e r  number of 
access  poliiis siiouid a l s o  be a f a c t o r  i n  any c o s t  dec i s ion .  

Cataloging and indexing, however, a r e  only p a r t s  of information 
s to rage  and r e t r i e v a l  systems. The f i n a l  eva lua t ion  of any such sys- 
tems must a l s o  include measures of comparative r e t r i e v a l  e f f e c t i v e n e s s ,  
as wel l  as measures of f e a s i b i l i t y  of p a r t i c u l a r  approaches, and com- 
p a t i b i l i t y  with t h e  e n t i r e  opera t ion .  
fol lowing sec t ions .  

These w i l l  be considered i n  t h e  

F e a s i b i l i t y  of Coordinate Indexing 

To evaluate  t h e  f irst  two ob jec t ives  of t h i s  s tudy,  t h e  r e t r i e v a l  
This was  done i n  t h e  

I 
e f fec t iveness  of t h e  system had t o  be  evaluated.  
fol lowing manner. F i r s t ,  ques t ions  were manufactured from books wi th in  
t h e  t e s t  c o l l e c t i o n .  These ques t ions ,  l i s t ed  on a t r a n s m i t t a l  shee t ,  
were then keypunched and f e d  i n t o  a UNIVAC 1108 computer along with a 
l o g i c a l  equation f o r  determining t h e  search s t r a t e g y .  
performed t e s t  searches t o  s e e  i f  known source re ferences  could be re -  
t r i e v e d .  A l i s t i n g  of t h e  ques t ions  asked, t h e  l o g i c a l  equat ions used,  
and t h e  answers r e t r i e v e d  can be found i n  appendix B .  
pages of appendix B bea r  t h e  heading Problem Val ida t ion .  
a subrout ine of t h e  program i n  which problems a r e  e i t h e r  accepted o r  
r e j e c t e d  f o r  searching on t h e  b a s i s  of v a l i d  l o g i c  equat ions and de- 
s c r i p t o r  assignment. 

The computer 

The f i r s t  f i v e  
This  i s  simply 

To s tandard ize  t h e  input  of t h e  ques t ions ,  t h e  t r a n s m i t t a l  shee t  
shown i n  f igu re  14 was  used. 
SDI program. 
card i d e n t i f i c a t i o n  code used on t h e  input  i n t o  t h e  computer t a p e ,  t ha t  
i s ,  it i s  f o r  machine use i n  t h e  re, tr ieval program. 

This i s  t h e  same shee t  used i n  t h e  MSC 
The l i m i t  codes i n  columns 7 and 8 are similar t o  t h e  

From t h i s  t r a n s m i t t a l  shee t ,  a s e t  of punched ca rds  were generated 
( f i g .  13) which were then  f ed  i n t o  t h e  computer. I n  th i s  s tudy t h e  
cards  included a problem i d e n t i f i c a t i o n  card (*l, at t h e  t o p  l e f t  of 
f i g .  1 5 ) ,  a quest ion card (*2, which s t a t e d  t h e  search  q u e s t i o n ) ,  a 
s e r i e s  of search terms ( i d e n t i f i e d  by l i m i t  code 40 and a lphabe t i c  or -  
d e r ) ,  and a l o g i c a l  equat ion whose terms corresponded t o  t h e  l e t t e r  of 
t h e  alphabet  of t h e  search terms. 
was keypunched i n  t h e  f i rs t  two p o s i t i o n s  and was  used f o r  machine 
s o r t i n g  and c o l l a t i o n  according t o  t h e  d i c t a t e s  of t h e  program. 

The problem i d e n t i f i c a t i o n  number 

The l o g i c a l  equat ion r e f e r r e d  t o  i n  t h e  above paragraphs i s  a 
search s t r a t e g y  based on Boolean a lgeb r i ac  ope ra t ions .  This e s s e n t i a l  



f e a t u r e  of a coordinate  index (manipulab i l i ty )  permi ts  varying degrees 
of  s t r u c t u r e  i n  the course of searches.  
gorized as follows: 

Logical equat ions m a y  be ca t e -  

(1) Loose-high output  and i r r e l e v a n t  m a t e r i a l  expected 

( 2 )  Moderately loose-some i r r e l e v a n t  m a t e r i a l  expected 

(3) Moderately tight-some i r r e l e v a n t  m a t e r i a l  expected, bu t  l e s s  
than i n  category (2 )  

(4)  Tight-no i r r e l e v a n t  ma te r i a l  expected 

A survey of t h e  l o g i c a l  equations used (appendix B )  r evea l s  t ha t  
Resul ts  va r i ed ,  each of the above ca t egor i e s  of searches were t r i e d .  

bu t  l a r g e l y  a l l  l e v e l s  were successfu l  with ca t egor i e s  (1) and (4)  being 
somewhat more d i f f i c u l t  owing t o  t h e  s i z e  of t h e  t e s t  c o l l e c t i o n .  

I n  a c t u a l  opera t ion  t h e  request  must be gaged c a r e f u l l y  t o  decide 
which type of equation should be  used. 
both search l i m i t s  and r e s t r i c t i o n s  i s  necessary.  While using the sys- 
tem, the opera tor  should vary t h e  parameters of t h e  search quest ions i n  
o rde r  t o  gain familiarity with the  system and with what it can and can- 
not accomplish. 

Experience with t h e  e f f e c t  of  

Resul ts  o f  F e a s i b i l i t y  Study 

Varying r e s u l t s  were obtained with t h i s  system. I n i t i a l l y  t h e  sys- 
tem was plagued with problems i n  the computer program. On the f i rs t  
run,. t h e  p r i n t o u t  contained garbled information a f t e r  t h e  first seve ra l  
l i s t i n g s .  Whenever the  number of d e s c r i p t o r s  w a s  30, t h e  remainder of 
t h e  program was e i t h e r  u se l e s s  o r  the  f irst  s e t  of d e s c r i p t o r s  was du- 
p l i c a t e d .  This d i f f i c u l t y  was remedied, only t o  have another problem 
a r i s e  i n  t h e  use of e r r o r  f l a g s .  "his problem was such t h a t  i f  any 
search  problem was r e j ec t ed ,  no problem after it was accepted. 
reason t h e  first seve ra l  runs on the  computer produced no more than 
t h r e e  answers, each problem a f t e r  that  being r e j ec t ed .  

For t h i s  

,Once these  d i f f i c u l t i e s  were remedied, t h e  system operated a t  
72.2 percent  e f f i c i ency .  
t e m  i s  only achieving approximately 60-percent r e t r i e v a l  e f f i c i ency ,  
t h i s  i d e a  seems r a t h e r  f e a s i b l e .  

In view of the f a c t  that  t h e  present  SDI sys- 

However, t he re  a r e  seve ra l  problem a reas  upon which it i s  necessary 
t o  focus a t t e n t i o n  before  any conclusion i s  reached. F i r s t ,  t h e r e  i s  t h e  
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area of  computer program inadequacies.  
following categories:  

The inadequacies f a l l  i n t o  t h e  

(1) I n a b i l i t y  t o  search under author  surnames except as given i n  
author  a u t h o r i t y  l i s t  and used as sub jec t  d e s c r i p t o r s  

( 2 )  I n a b i l i t y  t o  search by c l a s s e s  of LC numbers (The system does 
not ope ra t e  within a r e s t r i c t e d  range of  LC numbers, b u t  ope ra t e s  on 
exact matches of sub jec t  matches. ) 

(3) Thir ty  d e s c r i p t o r s  available f o r  each book (The a l t e r n a t e  
approach.of using a B designat ion on t h e  accession number f o r  any ad- 
d i t i o n a l  desc r ip to r s  was t r i e d  and found u n s a t i s f a c t o r y  because no co- 
o rd ina t ion  i s  permit ted between accession numbers. ) 

(4)  I n a b i l i t y  t o  perform t i t l e  searches (No p rov i s ion  i s  now a v a i l -  
a b l e .  ) 

( 5 )  I n a b i l i t y  t o  search by STAR sub jec t  category ( A  f u l l  i n v e s t i -  
ga t ion  of  t h e  needs of t h e  system needs t o  be  made regarding t h i s  type 
of s ea rch . )  

These inadequacies need f u r t h e r  i n v e s t i g a t i o n  t o  a s su re  t h a t  a l a r g e  
degree of compat ibi l i ty  will r e s u l t .  Even i f  t h e  proposed system i s  
no t  p u t  i n t o  e f f e c t ,  t h e s e  areas need i n v e s t i g a t i o n  so t h a t  r e p o r t  lit- 
e r a t u r e  r e t r i e v a l  m a y  be improved. 

Another a rea  needing a t t e n t i o n  i s  t h e  human f a c t o r  i n  t h e  system. 
F a i l u r e s  occurred i n  t h e  r e t r i e v a l  s e v e r a l  t imes because of human e r r o r ,  
t h e  most s i g n i f i c a n t  being t h e  keypunching ope ra t ion .  This s t e p  must 
be performed accurately-digi ts  transposed o r  i n c o r r e c t l y  punched a r e  a 
hazard t o  the  e n t i r e  operat ion.  

But,  not  a l l  t h e  e r r o r s  o r i g i n a t e  with t h e  keypunch ope ra to r .  He 
can Only punch i n t o  t h e  cards  t h e  information given him. 
mation i s  i n c o r r e c t ,  t h e  f a u l t  i s  no t  h i s .  I n  t h a t  ca se  t h e  f a u l t  usu- 
a l l y  l i e s  with e i t h e r  t h e  indexer o r  t h e  c a t a l o g e r .  It i s  r e l a t i v e l y  
easy t o  transpose numbers when copying onto a t r a n s m i t t a l  s h e e t ,  and t h i s  
problem must be watched c l o s e l y .  But even more s e r i o u s  i s  when two books 
have - the  same accession numbers, which upse t s  t h e  computer program. 

If t h a t  i n f o r -  

Equally important i n  dea l ing  wi th  t h e  computer a t  any s t a g e  i s  t h e  
r e a l i z a t i o n  t h a t  a l l  margins must be  j u s t i f i e d  bo th  r i g h t  and l e f t .  
Margin j u s t i f i c a t i o n  w a s  not  used i n  t h i s  s tudy;  t h e r e f o r e ,  t h e  nun- 
b e r  791, f o r  example, so r t ed  ou t  after t h e  number 18210. I n  f u t u r e  

I indexing operat ions t h i s  problem must be  watched c a r e f u l l y .  



F i n a l l y ,  it mus t  be kept  i n  mind t h a t  what i s  r e t r i e v e d  i n  t h i s  
study are references  t o  a p a r t i c u l a r  book. Now, somewhere i n  t h e  par -  
t i c u l a r  book might be t h e  des i r ed  answer. Finding t h e  answer i s  s t i l l  
another  matter because no page reference i s  r e t r i e v e d .  
book must s t i l l  be used t o  f i n d  the  exac t  page o r  pages des i r ed ,  and, 
then ,  t he re  ex is t s  t h e  p o s s i b i l i t y  t h a t  it might answer t h e  quest ion i n  
t h e  wrong terms. 

The index of t h e  

Indexing Compatibility 

Evaluation of t h e  compat ib i l i ty  of two information o r  indexing sys- 
tems can be done on t h e  b a s i s  of how w e l l  one accepts  t h e  vocabulary of  
t h e  o the r ,  assuming both have some common a reas  o f  i n t e r e s t .  A s  a re -  
s u l t  of t h e  work done i n  t h i s  study, t h e  computer was ab le  60 compile a 
l i s t  of t h e  sub jec t  terms used, along with the  accession number and ti- 
t l e  of t h e  book. P a r t  o f  t h i s  l i s t  i s  given i n  appendix c. The terms 
marked with a dash are not  used i n  t h e  NASA sub jec t  au tho r i ty  l i s t ,  but  
are introduced i n t o  t h e  vocabulary of  t h i s  system. Throughout t h i s  study 
a t o t a l  of  1596 separa te ,  d i s t i n c t  sub jec t  terms o r  d e s c r i p t o r s  were 
used. O f  t hese ,  some 362 o r  23.4 percent  d id  not  appear i n  t h e  thesau- 
rus .  However, of t h e s e  362, some 127 were found t o  be acceptable  when- 
ever  tense, gnding, o r  o t h e r  s l i g h t  modif icat ions (such a s  s p l i t t i n g  
compound terms) was accomplished. 
terms which are not  i n  t h e  NASA thesaurus,  o r  14.7 percent  of t h e  terms 
assigned.  

As a r e s u l t ,  t h e r e  were only 235 

Examination o f  t h e  remaining terms showed them t o  be e i t h e r  very 
s p e c i f i c  terms wi th in  a given subjec t  f i e l d  o r  very genera l  terms. It 
w a s  found, f o r  example, t h a t  many terms were personal  i n  o r i g i n ,  being 
a l a w ,  p r i n c i p l e ,  o r  e f f e c t  named a f t e r  its discoverzr. This - m s  espe- 
c i a l l y  t r u e  i n  t h e  areas of physics,  chemistry,  and mathematics. 

As a meausre of compat ib i l i ty ,  then ,  t h e  indexing of t h e  system 
used i n  t h i s  study was found t o  be compatible with t h e  NASA MSC repor t  
l i t e r a t u r e  indexing s ince  those  terms not found i n  t h e  NASA sub jec t  au- 
t h o r i t y  l i s t  b u t  used i n . t h i s  s tudy  could be w r i t t e n  o f f  as normal vo- 
cabulary growth. 

By-products 

To inc rease  t h e  usefu lness  of t h e  system and t o  meet t h e  needs of 
t h e  use r  who wishes information on s p e c i f i c  t o p i c s  while i n  t h e  l i b r a r y ,  
several byproducts from t h i s  system a r e  poss ib le .  F i r s t ,  t h e  computer 
could r e a d i l y  p r i n t  ca ta log  cards.  
e r a t e  voluminous amaunt of cards  and n e c e s s i t a t e  a d d i t i o n a l  personnel 

However, s ince  t h i s  i dea  would gen- 
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f o r  f i l i n g ,  a more p r a c t i c a l  scheme would be t o  have p r i n t o u t s  of t h e  
sub jec t  terms used i n  t h e  system, followed by a l i s t i n g  of  the hnokr: i n  
which t h e  term would appear (appendix C ) .  This l i s t  would allow t h e  
u s e r  o r  reference l i b r a r i a n  t o  l o c a t e  small t o p i c s  no t  p r e s e n t l y  a v a i l -  
able on catalog cards .  Cumulative l i s t i n g s  could, however, become pro- 
h i b i t i v e  because of  phys i ca l  s i z e  l i m i t a t i o n s .  For t h i s  reason they 
could be  r e a d i l y  reduced t o  microfilm and conveniently coded f o r  u s e r  
viewing. 

It should be s t r e s s e d  t h a t  t h e  purpose of t h i s  study w a s  not  t o  
i n v e s t i g a t e  the usefulness  of  any by-products. 
mentioned abbve mus t  be  independently determined, with user a t t i t u d e s  
given c a r e f u l  considerat ion.  

Usefulness of  t h e  i tems 
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APPENDIX A 

STAR SUBJECT CATEGORIES 

Aerodynamics 

Aircraft 

Auxiliary Systems 

Biosciences 

Includes aerodynamics of bodies, 
combinations, internal flow in 
ducts and turbomachinery; wings, 
rotors, and control surfaces. For 
applications see: 02 Aircraft and 
31 Space Vehicles. 
formation see also: 12 Fluid Me- 
chanics; and 33 Thermodynamics and 
Combustion. 

For related in- 

Includes fixed-wing airplanes, hel- 
icopters , gliders , balloons , orni- 
thopters, etc; and specific types 
of complete aircraft (e.g., ground 
effect machines, STOL, and VTOL); 
flight tests; operating problems 
(e .g. , sonic boom) ; safety and 
safety devices; economics; and sta- 
bility and control. For basic 
research see: 01 Aerodynamics. 
For related information see also: 
31 Space Vehicles; and 32 Struc- 
tural Mechanics. 

Includes fuel cells, energy con- 
version cells, and solar cells; 
auxiliary gas turbines; hydraulic, 
pneumatic, and electrical systems; 
actuators ; and inverters. For 
related information see also: 
09 Electronic Equipment; 22 Nu- 
clear Engineering; and 28 Propul- 
sion Systems. 

Includes aerospace medicine, exo- 
biology, radiation effects on 
biological systems; physiological 
and psychological factors. For 
related information see also: 
05 Biotechnology. 
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Biotechnology 

Chemistry 

Communi cat ions 

Computers 

Electronic Equipment 

Electronics 

Includes life support systems, human 
engineering; protective clothing and 
equipment; crew training and evalua- 
tion, and piloting. For related in- 
formatim see a i s o ;  0: Biosciences. 

Includes chemical analysis and iden- 
tification (e.g., spectroscopy). 
For applications see: 17 Materials, 
Metallic; 18 Materials, Nonmetallic; 
and 27 Propellants. 

Includes communications equipment 
and techniques; noise; radio and 
communications equipment and tech- 
niques; noise; radio and communica- 
tions blackout; modulation telemetry; 
tracking radar and optical observa- 
tion; and wave propagation. For 
basic research see: 23 Physics, 
General; and 21 Navigation. 

Includes computer operation and 
programming; and data processing. 
For basic research see: 19 Mathe- 
matics. 

Includes electronic test equipment 
and maintainability; component 
parts, e.g., electron tubes, tunnel 
diodes , transistors ; integrated 
circuitry; microminiaturization. 
For basic research see: 10 Elec- 
tronics. For related information 
see also: 07 Communications and 
21 Navigation. 

Includes circuit theory; and feed- 
back and control theory. 
plications see: 09 Electronic 
Equipment. For related informat ion 
see: Specific Physics Categories. 

For ap- 

. 
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Facilities, Research 
and Support 

Fluid Mechanics 

Geophysics 

Instrumentation and 
Photography 

Machine Elements 
and Processes 

Masers 

Includes airports; lunar and plane- 
tary bases including associated 
vehicles ; ground support systems ; 
related logistics; simulators; test 
facilities (e.g., rocket engine 
test stands, shock tubes, and wind 
tunnels); test ranges; and tra’cking 
stat ions. 

Includes boundary-layer flow; com- 
pressible flow; gas dynamics; 
hydrodynamics; and turbulence. For 
related information see also: 
01 Aerodynamics; and 33 Thermo- 
dynamics and Combustion. 

Includes aeronomy; upper and lower 
atmosphere studies; oceanography; 
cartography; and geodesy. For 
related information see also: 
20 Meteorology; 29 Space Radiation; 
and 30 Space Sciences. 

Includes design, installation, and 
testing of instrumentation systems; 
gyroscopes; measuring instruments 
and gages; recorders; transducers; 
aerial photography; and telescopes 
and cameras. 

Includes bearings, seals, pumps, 
and other mechanical equipment; 
i,rkr;no+;nrr P. . : -+<~-  -..a rrrrnn. 

manufacturing processes and quality 
control, reliability; drafting; and 
materials fabrication, handling, 
and inspection. 

& U W A A b ~ U L U A A )  J . J . & L U L U L L )  a L l U  115-42 y 

Includes applications of masers 
and lasers. For basic research see: 
26 Physics , Solid-state. 
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Materials , Metallic 

Materials , 
Nonmetallic 

Mathematics 

Meteorology 

Navigation 

Nuclear Engineering 

_ _ ~  - 

Includes cermets; corrosion; phys- 
ical and mechanical properties of 
materials; metallurgy; and applica- 
tions as structural materials. For 
basic research see: 06 Chemistry. 
For related information see also: 
18 Materials , Nonmetallic ; and 
32 Structural Mechanics. 

Includes corrosion; physical and 
mechanical properties of materials 
(e.g., plastics); and elastomers, 
hydraulic fluids, etc. For basic 
research see: 06 Chemistry. For 
related information see also: 
17 Materials, Metallic; 27 Propel- 
lants; and 32 Structural Mechanics. 

Includes calculation methods and 
theory; and numerical analysis. 
For applications see: .08 Computers. 

Includes climatology; weather fore- 
casting; and visibility studies. 
For related information see also: 
13 Geophysics; and 30 Space 
Sciences. 

Includes guidance; autopilots; star 
and planet tracking; inertial plat- 
forms; and air traffic control. 
For related information see also: 
07 Communications. 

Includes nuclear reactors and nu- 
clear heat sources used for propul- 
sion and auxiliary power. For 
basic research see: 24 Physics, 
Atomic, Molecular, and Nuclear. 
For related information see also: 
03 Auxiliary Systems; and 28 Pro- 
pulsion Systems. 
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25 

26 

27 

28 
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Physics , General 

Physics , Atomic , 
Molecular, and 
Nuclear 

Physics, Plasma 

Physics , Solid-state 

Propellants 

Propulsion Systems 

25 

~ ~~~ 

Includes acoustics, cryogenics, 
mechanics, and optics. For astro- 
physics see: 30 Space Sciences. 
For geophysics and related infor- 
mation see also: 13 Geophysics, 
20 Meteorology, and 29 Space 
Radiation, 

Includes atomic, molecular and nu- 
clear physics. For applications 
see: 22 Nuclear Engineering. For 
related information see also: 
29 Space Radiation. 

Includes magnetohydrodynamics. 
For applications see: 28 Propul- 
sion Systems. 

Includes semiconductor theory; and 
superconductivity. For applica- 
tions see: 16 Masers. For related 
information see also: 10 Elec- 
tronics. 

Includes fuels; igniters; and 
oxidizers. For basic research see: 
06 Chemistry; and 33 Thermodynaniics 
and Combustion. For related infor- 
mation see also: 28 Propulsion 
Systems. 

Includes air breathing, electric, 
liquid, solid, and magnetohydro- 
dynmic prspulslon. For nuciear 
propulsion see: 22 Nuclear Engi- 
neering. For basic research see: 
23 Physics, General;,and 33 Ther- 
modynamics and Combustion. For 
applications see: 31 Space 
Vehicles. For related information 
see also: 27 Propellants. 
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30 

31 

32 

33 

34 
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Space Radiation 

Space Sciences 

Space Vehicles 

S t r u c t u r a l  Mechanics 

Thermodynamics an' 
Combustion 

General 

Includes cosmic r a d i a t i o n ;  s o l a r  
f la res ;  s o l a r  r a d i a t i o n ;  and 
Van Allen r a d i a t i o n  be l t s .  For 
r e l a t e d  information see a l s o :  
13 Geophysics; and 24 Physics ,  
Atomic, Molecular, and Nuclear. 

Includes astronomy and a s t rophys ic s ;  
cosmology; l una r  and p l ane ta ry  
f l i g h t  and exp lo ra t ion ;  and t h e o r e t -  
i c a l  a n a l y s i s  or o r b i t  and t r a j e c -  
t o r y .  For r e l a t e d  information s e e  
a l s o :  11 F a c i l i t i e s ,  Research and 
Support; and 31 Space Vehicles.  

Includes launch v e h i c l e s ;  manned , 
space capsules;  c l u s t e r e d  and multi-  
s t a g e  rocke t s ;  s a t e l l i t e s ;  sounding 
rocke t s  and probes; and operat ing 
problems. For b a s i c  r e sea rch  see: 
30 Space Sciences.  
formation see  a l s o :  28 Propulsion 
Systems; and 32 S t r u c t u r a l  Mechanics. 

For re la ted in- 

Includes s t r u c t u r a l  element design 
and weight a n a l y s i s ;  fa t igue , ;  
thermal stress; impact phenomena; 
v i b r a t i o n  ; f l u t t e r  ; i n f l a t a b l e  
s t r u c t u r e s ;  and s t r u c t u r a l  t e s t s .  
For re lated information see  a l s o :  
17 Mate r i a l s ,  Me ta l l i c ;  and 18 Mate- 
r ia l s ,  Nonmetallic. 

Includes a b l a t i o n ,  coo l ing ,  hea t ing ,  
heat  t r a n s f e r ,  thermal  balance,  and 
o t h e r  thermal  e f f e c t s ;  and combus- 
t i o n  theo ry .  For related informa- 
t i o n  see a l s o :  1 2  F l u i d  Mechanics; 
and 27 P r o p e l l a n t s .  

Includes r e p o r t s  of a broad na tu re  
r e l a t e d  t o  i n d u s t r i a l  a p p l i c a t i o n s  
and technology, and t o  b a s i c  re- 
sea rch ;  defense a s p e c t s ;  l a w  and 
r e l a t e d  l e g a l  matters; and l e g i s l a -  
t i v e  hea r ings  and documents. 

. 
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Figure 4.- Flow c h a r t  of t h e  indexing procedure.  
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Subject.  
p i l e d ,  researched?)  

(What w a s  s tud ied ,  i n v e s t i g a t e d ,  t e s t e d ,  com- 

How w a s  t h e  sub jec t  t r e a t e d  ( a n a l y s i s ,  t es t s ,  design,  
production, computations , t heo ry ,  s p e c i f i c a t i o n s  , opera- 
t i o n s ,  p rocesses )?  

What are t h e  phys ica l  f a c t o r s  (mechanical p r o p e r t i e s  , 
phys ica l  p r o p e r t i e s ,  chemical e f f e c t s ,  b i o l o g i c a l  
f a c t o r s ) ?  

What equipment or method w a s  used t o  support t h e  research 
o r  i n v e s t i g a t i o n  (spectrum ana lyze r s ,  osci l loscopes , 
Charpy v-notch t e s t  equipment ) ?  

Where o r  under what environment was t h e  research accom- 
p l i shed  (upper atmosphere, a r c t i c  , subsurface,  l o c a t i o n  
i f  geographic o r  fo re ign )  ? 

Additional qua l i fy ing  information (open-ended terms). 
(P ro jec t  names, m i l i t a r y  symbols, trade names, Mark/Mod 
numbers , AN/numbers , e t  c e t e r a .  ) 

Figure 9.- Defense Documentation Center indexing c h e c k l i s t .  
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Role (1) 

Role (2 )  

Role (3) 

Role (4)  

Role ( 5 )  

Role (6)  

Role (7) 

Role (8) 

Role (9) 

Role (10) 

What was t h e  inpu t ,  raw material, r e a c t a n t ,  base 
metal, uncombined component, input  assembly? data 
i n p u t ,  mgterial being ac t ed  upon, i n  which t h e r e  
was a c h a r a c t e r i s t i c  o r  property change? 

What was produced, b u i l t ,  r e s u l t a n t ,  manufactured, 
mixed, formed, r e f ined ,  made, assembled, c r ea t ed?  

What was undesirable ,  waste, scrap,  r e j e c t s ,  impu- 
r i t y ¶  p o l l u t a n t ,  a d u l t e r a n t ,  poison? 

What i s  t h e  application-usage as, i n ,  on, f o r ,  
with? 

What was t h e  environment, medium, atmosphere, 
so lven t ,  c a r r i e r ,  support ,  v e h i c l e ,  e t  c e t e r a ?  

What was t h e  cause, independent variable, i n f luen -  
c ing f a c t o r ,  con t ro l l ed  v a r i a b l e ?  

What was the e f f e c t ,  dependent v a r i a b l e ,  influenced 
f a c t o r ?  

What i s  considered, discussed,  reported,  described? 

What was pass ive ,  no t  changed i n  t h e  process ,  pos- 
sessed o f ,  l oca t ed  i n ,  on? 

What was t h e  method, means, device,  employed, 
u t i l i z e d ?  

Figure 10.- Engineers J o i n t  Council indexing c h e c k l i s t .  
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